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(54) Expandibia conical hola plugs 

(57) Conical plugs aro provided which are foannabie 
and may be placed In incompletely filled holes in struc* 
tures to prevent conroslon over tima; preferably the 



plugs are made of a foamable material which can be 
foamed in the e coat oven used in automobile manufac- 
ture. 
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(0001 1 Tht present inventton relates to plugs for holes 
and in particular to plugs that may be used to block holes 
in the connponents of vehlclee. ships, boats and aircrBfl 
during and after assembly and treatment 
[0002] During the manufacture of vehidee. ships, 
boats and aircraft components are used which may con- 
tain holes. Holes may also be provided In components, 
particularly stnictural components to enable assembly! 
to allow for drainage of nuids or allow for passage of 
cablirtg and the like. In many instances it is necessary 
to seal and/or dose the holes after assembly to reduce 
the likelihood of subsequent corrosion. This is becaues 
in some Instances the holee are not used In assembly, 
thus providing a locatk>n for potential conroslon. In other 
instances although material, such as cabling or tubing, 
passes through the holee the hole is not fillsd and the 
rim of the hole remains a k)eatk)n for potential con-oston, 
this may be the ease when tubing is used to contain elec- 
trical wiring or when other tubes such as drainage tubee 
are present 

[0003] Cun-ently the holee are either left open or ars 
closed by fordng mastk: Into the holee. generally by 
hand . In the production of automobiles the mastic Is gsn- 
era / applied after the automobile has been subject to 
the e coat anticormsion process. In the e coat antl-cor- 
roslon process the metal frame of the vehicle is passed 
through a bath of antieorroston fluid and ths anticorro- 
sion material is deposited on the metal parts of the ve- 
hicle by an electrolysis process in which the metal frame 
of the vehicle is used as one of the electrodee. After the 
s coat process the vehkrie is baked to dry and consoii- 
date the anticonioslon coating. Subsequently the vehk:le 
after assembly wHI be painted. It is important that the 
holee b<» filled prior to painting to minimise contamina- 
tion due to the paint 

[0004] The use of manually applied mastic to fill the 
holes has the disadvantage that in order to ensure that 
the holee are sealed one generally usee an excess of 
the mastic. This is expensive andean also result In some 
mastte passing through the holes leading to contamina- 
tion and extra weight in the vehcle, ship, boat or aircraft 
There is also the possibility that overtime the mastte will 
degrade and/or fall away from the hole provkiing a site 
for potential conroslon. 

[0005] The preMnx invention provides a plug that 
overcomes these problems. 

[0006] The present inventton therefore provides a 
plug comprising a conical section extending from a base 
said conical section being made from an expandable 
matenal. 

[0007] in a pref9ned embodiment the confcaJ section 
is made from a flexible and expandable material. In a 

further prefeuBd embodiment the conteal ssctkm m hol- 
ow and xhe bass matenai is drcular. 
[0008] The conical section enables the thinner part of 
the section to pass througn me hole and a thicker part 
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can bear against the perimeter of the hole to hold the 
plug in place during proceesjng. In a further embodiment 
the material of the base ie aleo expandable and In the 
preferred embodiment the conical section and the base 
are integrally moulded from the expandable material 
and the material ie preferably flexible. Altematively the 
plugs may be made by extrusior. 
[0009] In use the plug may be used as the sdle means 
of dosing the hole or it may be ueed ae a support for a 
sealant, such as a mastte, thus redudng the amount of 
mastte required and eneuring that mastic does not pass 
through ths hols, this In turn reduces wests and unds- 
sirabis dsposlts. Ths hole may therefore be dosed by 
pladng the conteal section of the plug through the hole 
and then subjecting the structure to condticns which 
cause the expandable material of the plug to foam and 
fill the hole. Optionally a layer of a sealant such as a 
mastic may be applied onto tiie side of ^ base sectton 
remote from the conteal section. Any e n further seal- 
ant may be applied before or after the expandable ma- 
terial has been foamed. 

tWIOJ The size of the plug may be chosen according 
to the size of the hole to be filled. However In tt)e man- 
uftoure of automobllee the holee produced In the vehi- 
cle frame may be any shape. If t^ev are circular ttiey are 
typically 5 to 50 mililmeteri mc ypteally 5 to 1 0 mll- 
limoters in diameter and accordr ,iy the conical section 
IS generally such that at least part of the conteal section 
passes ti)rough hole of this size. The baee of ttie plug 
is preferably of a size that it wlH not pase through tiie 
hole. In tills way tiie plug ie prevented from passing 
ttirough the hole. In some instances tiie plug -^ay pass 
entirely into tiie hole. The plug may aleo ba provided 
wtth an extension protruding from tiis base " the side 
opposits from tiis conteal section to ate locci on in tiie 
hole and enable verification that a plug has been placed 
in tiie hole. This is particularly useful if the entire piua 
passes into the hole. 

[001 1] The flexibility of the base of the plug and tiie 
ease of installation may be increased by forming small 
tncisions such as cuts around tiie perimeter ^. tiie base 
In thie way the flexibility of tiie conteal section and tiie 
flexibility of tiie base can enable a eingle size of plug to 
be used witti a variety of hole sizss. The indsions also 
reduce tiie resistance whteh can act to force tiie plug 
back out of tiie hole. TTie indsions or gaps in the base 
may also allow flow of fluid such as the e coat antteor- 
rosion fluid tfirough tiie hole. In addition Oie conteai sec- 
tion of tiie plug may be shaped *o allow flow of 'a s 
such as thee coat flute. For exar etheconteslsec n 
may be provided witii one or more vanes. 
[0012] The use of the plug will now be described in 
relation to automobile manufacture wherein the automo- 
bile IS subjscted to the e cost anti^on-osion process 
Ths vehtele sub frame is assembled in the normal man^ 
ner and then plugs according to the present mvention 
are inserted into any unused or .ncompleteiy filled hoiee 
in the vehtele sub frame. The vehicle sub frame is then 
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8ubject«d to tho • coot procatt. FoHowing tho t coat thm 
aub framo is baked in a curing ovm. Tho expandable 

material from which the plug is made is preferably se- 
lected so that it expands under the conditions employed 
in th« curing oven. The expandable material therefore 
foame in the curing oven and nils the hole to affect a 
seal, the expaneion la pratoratoly such that the foamed 
material encapsulates the dm of th« hole. Where the 
hole has tittle depth the expandable material may foam 
so theU it encapsulates both sidee of the hole eo that the 
entire surface of the hole is provided with a protecthre 
layer. Where the hole is at the end of an elongated tube 
the expanded material may encapsulate only one rim. 
Subaequendy, If deeired, a sealant such as mastic, may 
be applied to the surftee of the expanded plug, which 
aervee to retain the sealant and prevent it paaeing 
through the hole to ensure affective uee of the eeaiant. 
[001 3] The plug le made of an expandable material eo 
that It will expand to fill the hole. The material may aleo 
be such that, on expansion, it will bond to the interior 
wall of the structurs. Accordingly, the plug may be made 
from an expandable adheaive material, which can be ac- 
tivated to expand (typically foam) and optionally to act 
ae art adheehre. Accordingly the expandable adheehm 
must expand at tha daelred temperature and in a pre- 
ferred embodbnent be aufnciently adheeh^ to firmly 
bond to the component In which the hole ie fonmed. 
[0ft14] Prior to activation, the material or materiale 
from which the plug is made Is preferably dry and not 
ta^ to the touch, since thie fadRtatee shipping and 
handling and prevents contamination. The plug ie pref- 
erably made of a flexible material and themnoplastlc ma- 
teriale such as ethylene polymers and copolymers ueed 
aa raw materials fbr acouetic baffles are prefen'ed, pre- 
ferred meteriaia are copolymers of ethylene and vinyl 
acetate or ethylene acrylate copolymers. 
[MIS] The fbamable material may aleo be choeeh to 
also provide some rigidity and reinfofcennent to theover- 
all stmcture. In this instance mamplee of other preferred 
foamable materials indudafoamable epoxy-base reeine 
and examples of such materiale are the producte L5206. 
1^07, L5206 and L520g. which arecomnnerctalty avail* 
able from L & L Products of Ronrre Michigan USA. and 
the Core Products Core 5204. 5206. 5205 and 5208 
available from Core Products, Strasbourg. France. The 
material should be chosen according to the rate of ex- 
pansion and foam densities required where the ptuge of 
the invention are used in automobile manufacture. It Is 
further preferred that the material expand at the temper- 
atures experienced In the eiectro-coat baking oven, typ- 
ically 1 60*C to 180*0 more typically 130*0 to 150*0. 
[0018] The plus may be made extrusion, stamping 
and die cutting, mini applicator or by injection moulding 
providing that the temperaturee used in fabrication are 
below the temperatures at which the expandable mate- 
rial will foam. 

[001 7] Examples of uses of the plugs include the filling 
of holes formed in the A. B and/or 0 pillars or the rails 



In the framee or chaeale and engine supporia of vehi- 
cles, the holee being fomrted for paeeage of cabling or 
tubing or for varioue atlachmente. Alternatively the pluge 
may be ueed to fill the ende of tubing such as the tubing 
5 used to reinforce vehicle doors against side or front im- 
pact 

[001 81 The invention ie illuetrated by the accompany- 
ing drawinga in which: 

10 Rgure 1 shows pluge according to the preeent in- 
vention. 

Figure 2 shows two plugs acconjing to the present 
invention inaerted in holes in a vehicle component. 

15 

Figure 3 shows a component of a vehicle in which 
a hole haa been filled by the foaming of a plug ac- 
cording to the preeent invention. 

so Figuree 4 and 5 ahow the uee of a plug according 
to the present invention to fill the hole In the end of 
a tube that le used for side reinforcement of auto- 
mobile doora. Figure 4 shows the location of the re- 
inforcing tube In the door and Rgure 5 is an en- 

25 larged view of the end of the tube shown In Rgure 
4 the end being provided with a hole plug (prior to 
foaming). 

Figuree 6 and 7 ahow an alternate fbrm of a plug of 
50 the invention. 

Figure 8 shows the altemate fonn of plug shown In 
Figuree 6 and 7 inserted In a hole. 

55 [0019] Rgure 1 shows four somewhat different pluge 
according to the present invention in each plug the con- 
icel Section (1 ) ie the same but one plug ie provided with 
a nanrow circular baae (2), the aecond plug is provided 
with a widercircular baae (3). In the third plug the circular 

40 baae (3) ie provided with 12sllta (4) to enhance flexa)ilKy 
and in the fourth plug the base is provided with 4 larger 
slits (5) to enhance flexibility. 
[0020] In Figure 2 the two plugs (8) are circled and 
shown inserted in holes in a vehicle door frame (7). 

45 [0021] in Figure 3 a plug (8) in its foamed shape ie 
shown biocldng a hole in an automobile component (9). 
[00221 Figure 4 shows the inside of a vehicle door (1 0) 
in which ie mounted a tube (11) to provide protection 
against side and front impact, in the finiehed vehicle the 

90 tube will not be visible due to the presence of the door 
fascia. 

[0023] Figure 5 is an expanded view of the portion of 
Figure 4 that contains the tube (11) and shows a plug 
(12) placed in hole at the end of tube (11). f \g^r^ 5 
55 shows the system prior to expanaion of the material of 
plug (12) but it ie clear that when the material expande 
the material wiH adhere to and encapsulate the entire 
end of the tube (11) providing comprehensive protection 
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for the end of the tube. 

[00241 RgurM 6 and 7 whom a plug (13) In which the 
conical section (14) is provided with vanes (15) to pro- 
vide channels tor the flow of the e coat fluid prior to ex- 
pansion. Indsione (16) are pnDvided in the base section 

(1 7) to allow for flow of the e coat fluid. The plug is also 
provided with an extension (1 6) on the side rsmote from 
the conical section to enable location of the plug is a 
hole. 

[00251 Figure 8 shows the plug of Figure 6 located in 
a hole (19). 



Claime 

1 - A plug comprising a conical section extending from 
a base said conical section being made from an ex- 
pandable material. 



2. A plug according to Claim 1 in which the conical sec- » 
tion is made from a material that is flexible and ex- 
pandable. 

3- A plug according to Claim 1 or Claim 2 In which the 
conical section is hollow. 29 

4. A plug according to any of the preceding Clafcna In 
which the base is circular. 
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A plug according to any of the preceding Claime in 
which the conical section and the base are integrally 
moulded from the expandable material. 

«. A plug according to any of the preceding Claims in 
which the maximum diameter of the conical section 
is 5 to 50 milUmetera. 

7. A plug according to Claim 6 in which the maximum 
diameter of the conicai secdon is 5 to 1 0 miUkneters. 

3. A plug according to any of the preceding Claime 
having incisions formed around the perimeter of the 
base. 



9. A plug according to any of the preceding claims in 43 
which the conical section is provided with channels. 

10. A plug according to Claim 9 in which the channels 
are defined by vanee formed on the conical ssctlon. 
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1 3* The use Of a plug according to any of the precedkig 
Claime to fiH holee in automobile framee. 

14. The use of a plug according to any of the Claims 1 
to 12 to flit the one or more holes in the end of tubing. 

13. A process in relation to automobile manufacture 
wherein a vehide sub frame is assembled and one 
or more plugs according to any of Claims 1 to 12 
are inserted into unused or incompletely filled holee 
in the vehicle sub frame. 

13. A process according to Claim 15 In which the vehi- 
cle sub frame in which the plugs have been inserted 
» subjected to the e coat process and following the 
a coat the sub frame ie baked in a curing oven 
Whereby the expandable material expands under 
the concfitlons in the curing oven. 

17. A process for the provision of corrosion protection 
amund a hole comprising filling the hole with pro- 
tectVe material and ancapeulatlng the perimeter of 

the hole at each surface of the hole with protective 
material wherein a plug having a conical section 
made of an expandable material and having a min- 
imum diameter such that It iirill pass through the 

thl K^T**,! ^ * P«« trough 

,1 ? * ^a^^ ^"^ insertion 
of the plug It is subjected to conditions whereby the 

expandable material expands to fill the hole and to 

f^Tl ^"^^ ^ wr- 

race of the hole. 



13. A process according to Clakn 17 In which the hole 
is an automobile component. 

l^H?^ according to Claim 17 or Claim 18 in 
wh«h tfie plug ie inserted prior to subjecting the au- 
tomobile component to the e coat process and sub- 
jecting the component to the e coat process where- 

by the ejjpandable nriateriai expands underthecon- 
ditlons of the curing of the e coat. 



11 . A plug according to any of the preceding claims pro- 
vided with an extension on the side of the base re- 
mote from the conical section. 

12. A plug according to any of the preceding Claims in 
which ms expandable matsriai rs an expandable 
adhesive matsriai. which can be activated to ex- 
pand (typically foam) and also act as an adhesive. 



50 



33 



4 



EP 1362 768 A1 
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FIGURE 4 
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